Abstract -The Molded Case Circuit Breaker (MCCB) is one of the critical components in the UPS system and is widely used in low-voltage electrical distribution systems. One of Korea's nuclear power plants has experienced several abnormal MCCB trips in the UPS system. Modeling and simulation assessments were performed to find the root cause of the failure. To analyze the operating principles of the MCCB, electromagnetic modeling of the MCCB using the Maxwell program was established and simulated. The actual testing of the MCCB's operating characteristics was performed to verify the simulation results. This paper suggests new methods to improve the MCCB characteristics based on the simulation and on the results of real tests. These findings suggest one mitigation method to upgrade the material quality of the restraint spring. The second is to increase the thickness of the moving part in the electromagnetic trip component.
Introduction
An MCCB installed in the essential power supply facility of a power plant was abnormally tripped. Research to date on MCCBs has been done mainly by developers and manufacturers. For example, improving the breaking capacity is necessary according to the enlargement of the short-circuit current generated when an accident occurs in a transformer, and the miniaturization of MCCB is necessary according to installation space limitations, even at power plants. On the other hand, efforts by users to analyze the MCCB's problems and apply solutions to plants have been poor in comparison with earlier studies [1] [2] [3] . This paper attempts to analyze the cause of the abnormal operation of the MCCB that actually occurred in the power plant. The MCCB's structure and principles of operation were analyzed in terms of electromagnetic theory and in a finiteelement analysis. Characterization tests were performed in the MCCB manufacturer's factory in order to prove the experimental results. The results were then analyzed and reviewed.
Abnormal Trip which Occurred in the Power Plant

UPS (Uninterrupted Power Supply) system
The UPS system in the power plant includes a charger, an inverter, a transfer switch, a MBS (manual bypass switch) and a battery. Fig. 1 shows a schematic diagram of the equipment. The MCCB shown in Fig. 2 is an AC/DC combination circuit breaker. Fig. 3 shows an external view of the MCCB with the cover removed. The MCCB consists of an arc chute, a molded case, the main contact and the instant trip element. Table 1 shows the history of abnormal MCCB trips over three years in the power plant.
Histories of MCCB failure
Analysis of the Trip Element of the MCCB in Terms of the Electromagnetic Characteristics
Analysis of the electromagnetic characteristics
To analyze the abnormal trip characteristics by analyzing the operation principles of the MCCB that operated abnormally, the electromagnetic field modeling of the MCCB's magnetic trip element was set as shown in Fig. 4 and 5. A simulation of the characteristic analysis using the equivalent circuit method and a finite element analysis were performed and the characteristics of the force according to the applied current size were analyzed. Figure 6 shows the changes of these characteristics with the generation of force according to the size of the current applied in the copper conductor. If excessive current is applied in the copper conductor, magnetic force is generated proportionally to the increase in the flux change passing through the fixation, and a moving piece of iron can have high magnetic permeability. The contact point of the MCCB is opened, and in this case the magnetic force exceeds the elasticity of the spring. The size of the resulting magnetic force is increased proportionally to the current value overall. However, the magnetic force as measured by the FEM (finite element method) is higher than the force determined by theoretical analysis up to 1,500A. This result is determined according to the approximation by an inductance characteristic formula. The results determined by FEM are lower than the results uncovered by the theoretical analysis at 1,500A or greater because the FEM analysis considered the magnetic saturation whereas the theoretical analysis did not. Figures  7 and 8 demonstrate that the magnetic flux densities are saturated at more than 1.8 [T] when the applied current exceeds 1,500A. Fig. 7 shows the magnetic flux density distribution according to the applied current. Fig. 9 presents a vertical distribution chart of the magnetic flux density according to the current. When the applied current size is 1,000A, the maximum value of the magnetic flux density is 1.5[T] and the condition is unsaturated. However, when the applied current size exceeds 1,500A, the maximum value of the magnetic flux density is 1.8[T] and the condition is saturated. The amount of the generated magnetic force shown in Fig. 6 can be proved by these results 
Review and analysis
Instantaneous Characteristic TEST
Testing device configuration
An AC instantaneous characteristic test was performed to confirm the performance characteristics of the MCCB. Fig. 12 shows the device configuration map for the characteristic test. 
Testing method
The testing method can use the IEC 947-2-2006 or the NEMA AB-4-2003 standard. This time, the test was performed according to the IEC standard, which is a strict standard. Table 2 shows the test criteria of the MCCB's instantaneous trip component. These standards are internationally applied. According to the IEC standard, this MCCB will not trip at 1,280A [-20% of the minimum instantaneous trip set-point (1,600A)] or less, Also, this MCCB will trip smoothly at 3,840A [+20% of maximum instantaneous trip set-point (3,200A) ]. Table 3 shows the instantaneous characteristic test results. The test measured the trip time according to the applied current when adjusting the operation set-points to 1,600A and 2,000A. The MCCB was tripped at 70% of the rated current. This test result satisfied the NEMA standard but did not satisfy the IEC standard. The main cause of this result was determined to be the deterioration of the instantaneous trip spring
Improvement of abnormal characteristics
If an MCCB is tripped at the desired value or lower, stable operation of the related system in a power plant may not continue. The restraint spring characteristic of the instantaneous trip component must be improved to resolve this problem. This paper suggests new applications to improve the MCCB characteristics based on a simulation and an actual test. One method involves upgrading the material quality of the restraint spring. The other involves increasing the thickness of the moving parts in the electromagnetic trip component.
Conclusion
This study was conducted to analyze the cause of the abnormal operation of the MCCB. First, the structure, operation principles and electromagnetic theory pertaining to the MCCB were reviewed. Second, electromagnetic field modeling using the finite element analysis program for the principles of the operation analysis was established and simulated. Finally, the theory and test results were compared through a characteristic test of the MCCB, after which improvement ideas were drawn. In order to implement the improvements, continued attention and research are needed from a user's point of view.
